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We studied die acute effects of ooe hour of passive cigarette 
smoking oo the lung function and airway reactivity of nine 
young adult asthmatic volunteers: At the time of this study, 
the subjects were asymptomatic and had normal or nearly 
normal lung function. Fusive smoking produced no change 
in expiratory Bow rates. However, there was a small de¬ 
crease in nonspecific bronchial reactivity, as assessed by 
methachohne inhalation challenge testing (p *0.0121 Phar¬ 
macologically active substances present in cigarette smoke. 


^[onsmokers are frequently exposed to tobacco 
^ smoke in indoor environments The potential 
health risks of such involuntary, or passive, smoking is 
a topic of intenre interest , a Current evidence suggests 
that passive smoking acutely lowers the angina 
threshold 3 and that chronic passive smoking may lead 
to small airways dysfunction 4 or lung cancer.' There is a 
paucity of data on whether asthmatics may beat special 
respiratory risk from passive smoking 

Asthma is characterized by hyperreactivity of the 
airways, such that a wide variety of different stimuli 
may cause bronchospasm and reduced airflbw Even if 
lung function tests are normal, bronchial hvperreac- 

For editorial co mment see page 161 _ 

tivity can be detected by bronchoprovocation chal¬ 
lenge testing with inhaled agents such as histamine or 
methicholine In addition, bronchoprovocation 
Testing may be useful for detecting changes in airway 
reactivity that occur in response to therapeutic inteir 
ventions or environmental exposures. For example, 
such studies have demonstrated temporary increases 
in bronchial responsiveness following viral infections. n 
and antigen inhalation ; 44 as well as exposure to 
ozone 1 * 1 * and nitrogen dioxide ,T Changes in non¬ 
specific bronchial responsiveness may l>e clinically 
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such u nicotine, may explain the observed change in airway 
reactivity. Although the finding of decreased airway reac¬ 
tivity might suggest that passive smoking produces a "pro¬ 
tective" effect on the underlying asthma, the observed 
change in reactivity wms slight and of uncertain clinical 
significance. We conclude that passive smoking presents no 
acute respiratory risk to young asymptomatic asthmatic 
patients. 


important since many studies have shown a correlation 
of airway reactivity with the clinical severity of asthma 
as determined by symptom scores, medication re¬ 
quirements. or dose of specific alfergen required to 
pnduce airflow obstruction * Trl * 

Two previous studies which examined the acute 
effects of passive smoking on lung function in asth¬ 
matics report conflicting results 4 ** Furthermore, 
there is no published information concerning the effect 
of passive smoking oni nonspecific airway responsive¬ 
ness in asthmatics Therefore, we investigated the 
effect of acute passive smoking on both lung function 
and airway reattivitv in a group of young stable 
asthmatic patients 

Sc HjuTs wo Methods 

Vmr asthmalu. mdiv idnaU ranging in age from 19 to 30 \ean were 
studied Five Milijtnt*.were males and fourwere females Subjects: 
were *eUn.ted fn»m 11 umsrcutive respondents to an advertisement 
Announcing the studi The diagnosis of asthma wu made prrviouslv 
by the individuals phvstiian Respondents were included only if 
they were vuirenth ctimcaJK stabt* and off oral asthma medications 
Four individuals intermittently using inhaled bronchodiUlon at the 
Ume of the sludi wrrr included No subject with an upper: 
respirators infection within the preceding eight weeks was studied 1 
Although the. subject*.were avvmptnmatic at the time of this itudv 
five had required hospitalization for asthma in the past However, no 
subject had been hospitalized for asthma within the preceding vear 
All individuals were nunsmoken Individual* were not selected 
based upon a history of how thrv reacted in the presence of tobacco 
smoke However, »u of the; subjects indicated I that exposure to 
cigarette smoke bothered" their asthma 

Subjects were instructed to avoid coffee, cola drinks, chocolate, 
and rserctse for at least m hours before bronchoprovocation testing 
So subject was taking vitamin C supplements Subjects using an 
inhaled BrunchodiUlof were instructed to withhold use for su to 
eight hours preceding the test, in accordance with published 
guidelines " Before participation in the study, subjects signed a 
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TMt Protocol 



I. BeseU I Before pauwe smoking 

a. Spirometry (FEV„ a. Wnou» COHb analysis 

FVC, VmiiSO) ■... * b Spirometry 

b Methacholine inhalation U. One hour emoke exposure 
challenge 111 After pouter making 

a. Venous COHb analysis 

b. Spirometry 

c. Methacholme inhala¬ 
tion challenge 


consent farm a p proved by the Yale Human Investigation Commit¬ 
tee. 

The experimental protocol was carried out in each subject on two 
separate days (Table IX This design was utilised in order to avoid the 
need to do two methacholine challenges on the tame day * On the 
fint day. baseline spirometry was measured with a pneumotachv- 
graph-integrated fiow-volume device - connected to a Could 3054 
high performance X-Y recorder. The forced vital capacity iFVC). the 
forced expiratory volume in one second {FEV,). and the maximal 
expiratory Bow rate at 50 percent of the vital capacit y t VmaxSOi were 
determined Following this, a methacholine inhalation challenged 
test was performed. The challenge test was conducted bv delivering 
sequential doses of methacholine in phenol-buffered saline solution 
(0 05. 0 5, 1.0. 2 0. 3^0, 10 0. 25 0 mg/ml) vu mouthpiece with d 
OeVUbiss No 45 nebulizer A noseclip was used Each dose was 
delivered during two minutes of normal tidal breathing The FEV, 
was determined at 0 5 and four minutes after each dose If at either 
time there was a 20 percent or greater (all in FEV , from the baseline 
prechallenge value, the test was terminated IF the FEY. did not 
decrease by this amount: then the next d6se was delivered The 
cumulative dose of methacholine which corresponded to a 20 
percent decrease in FEV, was determined bv linear interpolation of 
the last two points on the dose-response curve “ This provocative 
dose** of methacholine which causes a 20 percent decrease in FEV, is 
the FDiiFEV,. A low PD^FEV, indicates a high degree of non¬ 
specific bronchial responsiveness 

On the second expenment day i24 to48 hours following the first 
day), subjects returned for spirometry and then a baseline pre-smoke 
exposure venous blood I sample was drawn for carboxv hemoglobin 
(COHb) analysis The blood COHb level analysis was performed 
with a double-wavelength spectrophotometer 1 * The subject then 
entered a*l 25 m* environmental chamber for exposure to machine^ 
generated cigarette smoke for one hour Both sidestream and 
mainstream smoke filled the chamber. The same brand of a leading 
nonfilter dgarette was used in all experiments The chamber was 

maintained at a temperature of about 25*C and the relative humidity 

was approximately 50 percent Air turnover in the chamber was 
adjusted as necessary to maintain a carbon monoxide level in the 
ambient air of between ,40 and 50 ppm The carbon monoxide level 
was sampled continuously from an area near the subject While in 
the chamber, the subjects were given the option to wear goggle* to 
seduce eye irritation These goggles did not cover the nose or mouth 

Immediately following one hour of passive smoking, the suhjrct 
exited bom the chamber and a venous blood sample wa* drawn for 
COHb analysis. Spirometrsc testing wai performed, folkmed hv a 
methacholine broncboprovocation challenge The chest *»f each 
subject was auscultated immediately before and after the passive 
smoke exposure 

A methacholine challenge test was also administered tn U 
individuals (age 18 to 37 years, mean 28 years) who had normal 
pulmonary function test multi and no history of asthma The 
purpose was to compare the methacholine responsiveness <»f this 


liable individual Rendu cfLunf function 
end FDJFEV, m Aithmetic Subject* 


Subject 

Teit 

Day 1 

Dav 

Prrimoke 

2 

Pot tv moke 

1 . 

FEN', (L! 

363 

3 55 

355 


Vmax50 (Usee) 

430 

4 00 

390 


FVC(L): 

453 

460 

455 


FD*FEV, (mg/ml) 

.43 


.72 

2 

FEV, 

305 

275 

285 


VmuSO 

230 

200 

2 10 


FVC 

4^*0 

4153 

440 


PD.FEV, 

.027 


070 

3 

FEV, 

305 

3 10 

295 


VmaiSO 

295 

170 

250 


FVC 

4.20 

437 

4 10 


FDJFEV, 

.066 


.120 

4 

FEV, 

405 

405 

406 


Vmax50 

360 

340 

360 


FVG 

555 

565 

5 63 


PD.FEV, 

260 


720 

5 

FEV, 

330 

310 

3 13 


VmaxSO 

335 

2 70 

290 


FVC 

4 45 

4 38 

430 


PD.FEV, 

.675 


1 72 

6 

FEV, 

4 10 

4.50 

4 40 


VmaxSO 

5 30 

500 

4 60 


FVC 

4 73 

5 15 

5 10 


PD*FEV (I 

.34 


21 

• 

FEN, 

4 15 

433 

4 23 


VmaxSO 

480 

530 

520 


FVC 

5 05 

520 

5 10 


PD,,FEN 

37 


345 

h 

FEN 

2 70 

305 

300 


VmaxSO 

260 

360 

340 


FVC 

363 

3 75 

375 


P0 x FEV 

037 


073 

9 

FEV 

2 W 

2 90 

290 


N maxSO 

2 00 

2 40 

260 


FVC 

4 20 

4 25 

4 15 


PO,.FE\ 

040 


04' 


“normal" gn»up with that ol the %ludv population which had hrrn 
selected based uponapnor historvof asthma The normal individu 
als did no! participate in the passive smoking experiment 

Statistical analvses ot spiromrtnc values, rarbox*hemoglobin 
levels, and the PD^FEV • transformed to log units as ts customarv 
were performed with the paired Students Mest; The nonparametnc 
signed!rank test w*j used tn also evaluate changes in PD^FEY 
assessed without prior transformation to log units 

REvl LTV 

Results obtained in individual subjects are shown in 
Table 2. Mean data and statistical comparisons be¬ 
tween groups of paired data are provided in Table 3 

Sympforns and Signs 

Marked eye irritation was a universal finding Most 
indiv iduals opted to wear, the protective goggles after 
spending several minutes in the chamber Three sub¬ 
jects experienced mild, transient self-limiting cough 
Except for e>e and nasopharyngeal irritation, the 
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Table 5—Mean jtomfft of Lung Function, Carfcoxyhemoglobtn Lroeb, *n<f FD*FEV ( 


— 

Day 1 

Baseline 

Presmoke 

Day 2 

Postsmoke 

- 

FEV, (li) 

3.43s .57 

3 48- 65 

3 45 : 63 


VtnuSO (Ij/wc) 

3.46s 1.14 

3 46: 1. 14 

3 42:1 02 


FVC (L) 

4.57S0.55 

465-058* 

4 56 : 0 60* 

•p-0 01 

COHb («) 


1 71-089 

157:1105 

p*0 001 

PD.FEV, (mt'ml) 

0.25x0.22 


0 79:1 13 

p-0 043 

fef PD*FEV, 

-1.92 s 1.23 


-1.21:154 

p-0 022 


•Ditto expressed as mean: SD. 

subjects were comfortable and spent the time in the 
chamber reading or studying. No subject complained 
of headache, chest pain, or abdominal pain i No subject 
had wheezes detectable by auscultation either imme¬ 
diately before or after the period of involuntary smok¬ 
ing 

Blood Carboxyhemoglobin Analysis 

The pre-exposure venous blood carboxyhemogjobin 
(COHb) level was 1.71 ±0.89 percent (meanr SD) 
Following passive smoking, the COHb level was 
2.57 ±LQ5 (p<0.001), This represents an increase in 

METHACHOUNE NESFONSIVENESS 
IN NORMALS AND ASTHMATIC SUBJECTS 



F 1C L UX 1 The methachoHne responsiveness of the itud> population 
is compared with individuals who give no history of asthma The 
asthmatic subjects hive » very low PD*FEV ( . indicating • high 
degree of airway reactivity 


the mean COHb level of 0 86. This is in close agree¬ 
ment with the expected increase in COHb content 
following exposure to 40 to 50 ppm carbon monoxide 
for 60 minutes.* - * 

Lung Function 

Results of baseline lung function on day 1 were 
normal in four subjects, showed small airways obstruc¬ 
tion in another four subjects, and revealed mild air¬ 
ways obstruction (FEV l between 65 percent and 80 
percent of predicted) in one subject. There was no 
difference between day 1 baseline lung function and 1 
day 2 pre-smoke lung function. Comparison of day 2 
presmoke lung function and postsmoke lung function 
showed no difference in FEV, or Vmax50. The FVC 
showed a small decrease (2 percent) following passive 
smoking ip *0.011 

Airway Reactivity 

The baseline PD^FEV, on day 1 showed that each 
subject had a high degree of nonspecific bronchial 
responsiveness compared to a normal population 

METHACHOUNE RE$PONSIVENESS <PO*> FfV t } 

MFC* I AND Amt PASSIVE CIGARETTE SMOKE EXPOSURE 



Ficl at 2 Thu illustrates:the methacHolme responsiveness m nine 
stable asthmatics before and after passive smoking Exposure to 
cigarette smoke resulted in an increased PDpFEV,. indicating a 
decrease in airway reactivity <p » 0 0223 The mean values are alio 
illustrated tantilbg of the mean of the log PD.FEV, values) 


ttt 
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tested in our laboratory (Fig 1) This is to be expected 
but confirms that our subjects, who were asympto- 
mstic at the time of testing, are asthmatics. 

A compansSn of baseline PD^FEV, on day 1 with 
postexposure day 2 is provided in Figure 2 Eight of the 
nine subjects showed an increase in PD^FEV,. The 
mean PD*FE V t before smoke was .25 ±.22 mg/ml and 
after exposure was 79 ±1.13 mg/ml (p* 0.04) while the 
log PD^FEV, increased from -1.92 to -1.21 

(p-0.02) 

Discussion 

Impluntary smoking produces unpleasant *vmp- 
tornsln many individuals. 1 ^ These subjective com- 
plaints may be sufficient cause to regulate smoking in 
oonfined public places. However, it remains controver¬ 
sial whether acute passive smoking is associated with 
important pulmonary physiologic hazards. The pres¬ 
ent study was designed to investigate whether involun¬ 
tary smoking presents an acute respiratory risk to 
asymptomatic asthmatic individuals. 

Our data demonstrate that one hour of passive 
cigarette smoke inhalation by young, clinically stable 
asthmatics produced no change in maximal expiratory 
flow rates. Furthermore, passive smoking caused a 
slight decrease in nonspecific bronchial reactivity as¬ 
sessed via methacholine bronchoprovocation Our 
subjects were exposed to a severe simulation of passive 
smoking, beyond what normally occurs in the majority 
of social or occupational environments.*" A carbon 
monoxide level in the ambient air of 40 to 50 ppm far 
exceeds the level found in office environments where 
smoking is permitted! and is higher than the peak 
hourly averages usually found in taverns or night¬ 
clubs r Blood carboxyhemoglobin determinations 
confirmed the degree of passive smoke inhalation by 
our subjects. 

Two previous studies 1 ** investigated the effect of 
passive smoking on lung function in asthmatics, how¬ 
ever, neither evaluated the influence of such involun¬ 
tary smoking on airway reactivity. Shephard et al* 
studied 14 asthmatic subjects and found that the FEV\ 
and VmaxSO were unchanged after passive smoking, In 
their study, the intensity of exposure was less tcarbon 
monoxide level in chamber was about 24 ppm h but the 
duration was longer (two hours). Their subjects were 
older than ours Furthermore, the baseline pulmonary 
function of their subjects demonstrated airflow 
obstruction (FEVj-68^19 percent of predicted, 
range 30 percent to 91 percent) and several of the 
subjects were receiving oral asthma medications .Ad¬ 
ditionally, four of their subjects gave a specific history 
of "exacerbation’’ with exposure to cigarette smoke, 
nevertheless, this subgroup also experienced no dec¬ 
rement in pulmonary function. In contrast to our 
results and those of Shephard et al,* Dahms et al" 


demonstrated a 20 percent decrease in FEV t and FVC 
following passive smoking in ten patients with bron* 
chial asthma. It is difficult to account for the different 
results based upon experiment design or patient selec¬ 
tion, although such factors may have played a role In 
Dahms study, the smoke exposure.was less intense 
(one hour of a calculated carbon dioxide concentration 
of 15 to 20 ppm; the average increase in COHb level 
during exposure was 0.40). Their patients were young 
(age 18 to 26 yean), and baseline lung function demon¬ 
strated only mild impairment; the mean FVC was 79.2 
percent of predicted and the mean FEV, was 73.7 
percent of predicted. The subjects continued taking 
medications (except hronchodilators beginning four 
Hours prior to exposure), but the authon did not 
describe what medications were taken and how many 
subjects were on medications. However, one-half of 
their subjects were included because of a history of 
specific complaints when exposed to cigarette smoke, 
only the remaining five were recruited at random In 
short, our study is in agreement with Shephard et al* 
and acute at variance with Dahms et al“ regarding the 
effect of passive smoking on maximal expiratory flow in 
asthmatics. The present study additionally invests 
gated the effect of passive smoking on bronchial 
reactivity. 

The finding that passive smoking caused a decrease 
in nonspecific airway responsiveness (increased 
PDyFEVj was unexpected. The clinical significance of 
the change is uncertain, since the magnitude was 
small Only one subject had a change in PD»FEV 1 of at 
least one log dose tenfold shift), an increment that is 
considered clinically important* It is not known 
whether lesser changes in PD*>FEV, are important 
Although our data show that passive smoking caused a 
small decrease in airway reactivity, the possibility that 
this could be associated I with an amelioration of the 
underlying asthma cannot be determined from our 
study 

The reduction in nonspecific airway responsiveness 
that we observed might have been mediated by phar¬ 
macologically active substances present in cigarette 
smoke Inhalation of cigarette smoke causes increased 
plasma leveh of the sympathetic neurotransmitter 
norepinephrine as well as the adfenomedullary hor¬ 
mone epinephrine * It is possible that catecholamines 
released locally from sympathetic nerve ganglia; or 
into the circulation from the adrenal glands, may 
modify airway smooth muscle reactions. Catechola¬ 
mine release in response to tobacco smoke inhalation is 
probably mediated by nicotine. Increased blood and 
unnarv nicotine levels are found in people with mild to 
moderate passive smoking exposures.* * Wallis et a! 31 
have demonstrated that inhalation of nicotine dimin- 
ivhed airway responsiveness to methacholine in ba¬ 
boons who were highly reactive to methacholine. even 
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though nicotine inhalation had no direct bron* u^ufoced by 

chodilator effect on lung function. And^J»AAny, tben^My be a 

Quantification of bronchial responsiveness may be 4ub*et of asthmatics *4 tb a specific allei^S cowtitu- 

affect by the prechallenge airway caliber.*" This £rts of Jbbacco amo^ k# ^irther %work will be le- 

might be due to altered distribution of inhaled aerosol %tfred ^ cigarette smokfrt g 

particles* such that a greater portion may deposit on Hprerentiaiiskto^^ Nevertheless* the 

the segmental airways* a site where constriction has a current study suggests that passive cigarette smoking 

profound effect on the FEV,. Furthermore* the expo- presents no acute respiratory risk to young asymp- 

nentitl relationship between airway diameter and tomatic asthmatics. 


resistance to airflow may mean that an equivalent 
amount of airway nanowing may cause a much greater 
decrement in FEV, in a patient who started the 
challenge test with constricted airways. Since the lung 
function of our subjects was the same prior to each of 
the two methacholine tests* the influence of baseline 
airway caliber probably was not important in our 
results. 

The FEV, test requires a forced vital capacity 
maneuver following inspiration to total limg capacity. 
Full 1 lung inflation can reduce or abolish bronchocon- 
striction induced by pharmacologic agents in healthy 
subjects * Thus, detecting slight airway responses to 
inhaled agents in healthy nonasthmatic subjects re¬ 
quires the use of lung function tests that do not involve 
inspiration to total lung capacity. In such cases, partial 
expiratory flow volume curve initiated from end-tidal 
inspiration, or plethysmographic measurements of air¬ 
way resistance (SCaw) can be utilized. However, in 
asthmatics, reduction of bronchomotor tone by lung 
inflation is minimal or absent, and therefore, the FEV, 
is a useful and reliable test for assessing bronchial 
reactivity in such patients Furthermore, SCaw may 
be influenced by suggestion, whereas FEV, generally 
is not.*" This may be due to vagal pathways causing 
subtle changes in large airway tone. Eliminating the 
effect of suggestion is important in this study, where 
the subject cannot be "blinded" to the presence of 
cigarette smoke. And finally, the PD*>FEV, shows less 
day-to-day variability than PD^SCaw and 1 may be a 
better test to use when comparing bronchoprovocation 
tests performed on different days * 

/Nt emphasize that this study did not evaluate 
several aspects that may be relevant to the "real life" 
problem of passive smoking by asthmatics. Our in¬ 
vestigation evaluated only the immediate effects of a 
pne-hour period of involuntary smoking. We did not 
test whether delayed effects of an acute exposure may 
occur. Furthermore, our subjects had virtually normal 
lung function during the study and the findings might 
be different for asthmatics exposed to cigarette smoke 
during an episode of bronchospasm. Not to be over* 
looked is the possible effect of chronic passive smok¬ 
ing Chronic cigarette smoking may lead to increased 
airway reactivity in normal subjects. 1 ** By analogy* 
chronic involuntary smoking might lead to clinical 
deterioration in asthmatics. Also* the develbpment or 
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